CD4+ T helper lymphocytes (Th) orchestrate the immune response after their activation by antigenpresenting cells. Activation of naïve Th cells is reported to generate the reduction in surface epitopes of sialic acid (Sia) in α2,3 and α2,6 linkages. In this work, we report that in spite of this glycophenotype, anti-CD3/anti-CD28-activated purified human naïve Th cells show a significant increase in surface Sia, as assessed by metabolic labeling, compared with resting naïve Th cells, suggesting an increased flux of Sia toward Siaα2,8 glycoconjugates. To understand this increase as a result of ganglioside up-regulation, we observed that very early after activation, human naïve Th cells show an increased expression in surface GD3 and neoexpression of surface GD2 gangliosides, the latter clustering with the T cell receptor (TCR). Also, we report that in contrast to GM2/GD2 synthase null mice, lentiviral vector-mediated silencing of the GM2/GD2 synthase in activated human naïve Th cells reduced efficient TCR clustering and downstream signaling, as assessed by proliferation assays and IL-2 and IL-2R expression, pointing to an important role of this enzyme in activation of human naive Th cells.
Introduction
The Th cells orchestrate the immune response by modulating the function of other cells mainly through the secretion of specific cytokines (Prussin 1997) . Activation of distinct signaling cascades in these cells results after naïve Th cells engage through the T cell receptor (TCR) and associated molecules with a foreign peptide antigen exposed through the class II major histocompatibility complex of antigen-presenting cells (Mazzon and Viola 2007) . After activation and stimulation with specific cytokines, Th cells can differentiate into different subsets that include Th1, Th2, Th9, Th17 and T regulators, each one with different cytokine secretion profiles and effector functions (Mazzon and Viola 2007; Olsen and Sollid 2013) . The presence and type of linkage in surface glycans of the negatively charged monosaccharide Sia is different between this subsets and is involved in Glycobiology, 2015 Glycobiology, , vol. 25, no. 12, 1454 Glycobiology, -1464 Glycobiology, doi: 10.1093 Advance Access Publication Date: 11 August 2015
Original Article their distinct susceptibility to Galectin-1-mediated apoptosis (Toscano et al. 2007; Bi and Baum 2009 ). In addition to apoptotic events, Sia is involved in other Th cell processes such as peripheral tolerance, development and leukocyte trafficking (Daniels et al. 2002; Marino et al. 2008; Malagolini et al. 2009; Meesmann et al. 2010) . Previous works have also characterized that activated peripheral Th cells have reduced binding of Sia recognizing lectins Maackia amurensis II (MAA II, Siaα2,3) and Sambucus nigra (SNA, Siaα2,6) compared with resting Th cells (Daniels et al. 2002; Toscano et al. 2007) . In this work, we found that although activated human naïve Th cells have a reduction in MAA II and SNA binding, incorporation of Sia in the cell surface, as assessed by metabolic labeling, increases after activation compared with resting naïve Th cells. This finding hinted that during activation of human naïve Th cells, Sia flux could be driven toward synthesis of Siaα2,8 glycoconjugates. Further studies allowed us to identify that early after activation of human naïve Th cells, there is an increased synthesis of ganglioside GD3 ([Sia(α2, 8) Siaα(2,3)]Gal (β1,4)Glc(β1,1)Cer) and a neoexpression of ganglioside GD2 (GalNAcβ(1, 4) [Sia(α2, 8) Siaα(2,3)]Gal(β1,4)Glc(β1,1)Cer). We show that GD2 colocalizes with the TCR throughout the transition of this receptor from a uniformly distributed state (resting) to a clustered state (activated) and that down-regulation of the GM2/GD2 synthase reduces efficient TCR clustering, signaling and consequent activation of human naïve Th cells.
Results

Activation of human naïve Th cells increases surface incorporation of SiaNAz
Naïve Th cells were isolated from the peripheral blood of healthy human donors and activated in the presence of anti-CD3/anti-CD28 monoclonal antibodies (mAbs) mix. We observed by flow cytometry that after 24, 48 and 72 h p.a. both binding of MAA II (Siaα2,3) and SNA (Siaα2,6) lectins were significantly reduced, while the binding of the Peanut agglutinin (PNA) lectin recognizing unsubstituted Core 1 O-glycans (Galβ1,3GalNAc) was significantly increased in activated cells with respect to resting naïve Th cells ( Figure 1A ). The reduction in MAA II and SNA binding measured at 24, 48 and 72 h p.a was associated with a significant down-regulation of ST3GAL1 and ST6GAL1, coding for the main sialyltransferases responsible for the synthesis of Siaα2,3 and Siaα2,6 epitopes in Th cells, respectively ( Figure 1B ) and in agreement with previous findings in human peripheral Th cells, thymocytes and murine Th cells (Baum et al. 1996; Daniels et al. 2002; Comelli et al. 2006; Toscano et al. 2007 ). To further confirm this Sia reduction in surface glycoconjugates, metabolic labeling of Sia containing glycoconjugates was performed by incubating resting and activated naïve Th cells with azide-modified mannosamine (ManNAz), an azide-labeled analogue of the Sia committed biosynthetic precursor N-acetylmannosamine (ManNAc). The ManNAz is converted to Sia azide (SiaNAz) and incorporated into cell-surface glycans where it is detected by Click-it technology using a fluorophore-alkyne (Life Technologies) (Supplementary data, Figure S1 ). By flow cytometry, we observed that in contrast to the lectin binding profile, the surface SiaNAz increased significantly at 24, 48 and 72 h p.a. in naïve Th cells after activation (Figure 1C and D) . This finding in the context of a reduced expression of Siaα2, 3 and Siaα2, 6 hinted to the potential up-regulation during naïve Th cell activation of surface Siaα2,8 glycoconjugates toward which metabolic flow of Sia could be driven.
Activation of human naïve Th cells is accompanied by up-regulation of ST8 sialyltransferase genes
To evaluate if the expression of Siaα2,8 glycoconjugates increased during activation of human naïve Th cells, we first measured by realtime PCR, the expression of α2,8 sialyltransferases (ST8) genes in resting and activated naïve Th cells (Figure 2A ). Compared with resting naïve Th cells, activated naïve Th cells showed a significant upregulation of ST8SIA1, ST8SIA2 and ST8SIA4, while ST8SIA3, ST8SIA5 and ST8SIA6 were not expressed in either condition. Because ST8Sia1 (GD3 synthase) is responsible for the biosynthesis of Siaα2,8-modified gangliosides, we focused in this work on identifying the expression of gangliosides derived from up-regulated GD3 synthase activity (Supplementary data, Figure S2 ). Nonetheless, the up-regulation of ST8SIA2 and ST8SIA4 involved in polysialylation of glycoproteins (Muhlenhoff et al. 2013 ) also suggests the potential increased synthesis of α2,8 sialylated glycoproteins in activated naïve Th cells. Glycoprotein polysialylation has not been reported in resting or activated naïve Th cells, and it will be very interesting to assess in future works the presence and function of these glycoproteins in Th cell activation.
The activation of human naïve Th cells up-regulates surface GD3 and neoexpression of GD2
As shown in Figure 2B , the expression of ST8SIA1 in activated naïve Th cells is significantly increased since 3 h p.a. and throughout 6, 12, 24, 48 and 72 h p.a. compared with the basal expression of resting naïve Th cells, with a maximal expression at 6 and 48 h p.a. The ST8Sia1 (GD3 synthase) synthetizes the GD3 ganglioside that is the precursor of the "b" and "c" series of human gangliosides (Supplementary data, Figure S2 ). In view that activated naïve Th cells express ST8SIA1 but have absent ST8SIA5 expression, their expression profile would be limited to expression of "b" series gangliosides GD3, GD2, GD1b and GT1b. Surface expression of these gangliosides was assessed with the exception of GD1b for which no commercial antibody was available.
Flow cytometry and confocal microscopy using the anti-GD3 mAb clone R24 (Pukel et al. 1982) show that activated naïve Th cell have a significant increase with respect to resting cells in surface GD3, particularly at 48 h p.a. (Figure 3A ). This is in agreement with previous studies that have shown that the GD3 ganglioside is up-regulated in activated peripheral T cells .
The expression of GD2 was assessed by using the specific antihuman GD2 mAb clone 14G2a (Ahmed et al. 2013 ). The expression of GD2 was detected in all anti-CD3/anti-CD28 mAb-activated naïve Th cells at 24, 48 and 72 h p.a. but not in resting cells, indicating GD2 activation-induced neoexpression ( Figure 4A and C). This novel finding was also validated with the specific anti-human GD2 mAb from a different source (clone 2Q549, Tarek et al. 2012 ) (Supplementary data, Figure S3 ). Specificity of the anti-GD2 mAb clone 14G2a was validated by ELISA and competitive assays using purified GD3 (upstream) or GD1b (downstream) gangliosides (data not shown). No expression of GT1b with anti-human GT1b (clone GT1b-2b, Schnaar et al. 2002) was detected in the surface of activated naïve Th cells (Supplementary data, Figure S4 ).
In regard to neoexpression of GD2 that had not been previously reported in activated naïve Th cells, we assessed whether another activation stimulus could also induce GD2 neoexpression. Naïve Th cells incubated in the presence of phorbol-myristate-acetate (PMA) and Ionomycin (Iono) also induced plasma membrane neoexpression of GD2 in activated naïve Th cells ( Figure 4B ).
As expected from previous reports stating increased expression of gangliosides after lymphocyte activation Inokuchi et al. 2013 ), the expression of β4GALNT1 (GM2/GD2 synthase), necessary for GD2 synthesis from GD3, appeared upregulated since 3 h p.a., with a transient down-regulation at 6 h p.a. that was followed by an up-regulation at 12, 24, 48 and 72 h p.a. (Figure 4D) . Similarly to the β4GALNT1 expression pattern, the GM2/ GD2 synthase was also increased in activated naïve Th cells (Supplementary data, Figure S5 ). Previous studies have also shown an up-regulation of β4GALNT1 (GM2/GD2 synthase) in human-activated peripheral T cells and mice thymocytes (Takamiya et al. 1995; Tani-ichi et al. 2005) . Increased expression of GD3 and GM2/GD2 synthases after activation of human naïve Th cells points out to an increased synthesis of "b" series gangliosides.
GD2 but not GD3 is associated with TCR clustering
Gangliosides are known to be involved in lipid raft formation during T cell activation and TCR clustering (Takamiya et al. 1995; . Because of the significant neoexpression of GD2 in activated naïve Th cells, we evaluated its colocalization with the TCR at 3, 6, 24, 48 and 72 h p.a. (Figure 5 ). The expression of GD2 ganglioside was observed only in the plasma membrane of activated naïve Th cells in a uniformly distributed state as early as 3 h p.a. Also, at 3 h p.a., the TCR showed a similar pattern in both resting and activated naïve Th cells. A clustering pattern of GD2 was evidenced since 6 h p.a. that further defined itself at 24, 48 and 72 h p.a. This GD2 clustering colocalized at most times with the clustering of the TCR observed in activated naïve Th cells. Colocalization of GD3 with the TCR assessed at 3, 24 and 72 h p.a. shows that GD3 only showed a minimal colocalization with the TCR at 24 h p.a., but in contrast to GD2, most if not all of GD3 did not colocalize with the TCR ( Figure 3B ).
Down-regulation of the GM2/GD2 synthase affects TCR clustering and activation of human naïve Th cells
To further assess the importance of GM2/GD2 synthase up-regulation during activation, we used a lentivirus-based system to silence the β4GALNT1 (GM2/GD2 synthase) through shRNA stable expression (Santa Cruz Biotech). Semiquantitative RT-PCR analysis at 72 h p.a.
showed the reduction in β4GALNT1 expression in GM2/GD2 synthase-silenced activated naïve Th cells but not in activated naïve Th cells transduced with control lentiviral vectors (control mock shRNA or control CopGFP shRNA) (Supplementary data, Figure S6A ). The relative expression of β4GALNT1 in GM2/GD2 synthase-silenced activated naïve Th cells significantly decreased with respect to mock shRNAactivated naïve Th cells (Supplementary data, Figure S6B ). The efficiency of transduction for lentiviral particles was evaluated by confocal microscopy using a control CopGFP shRNA vector and a transduction rate between 65 and 70% was obtained for resting and activated naïve Th cells (Supplementary data, Figure S6C ). The β4GALNT1 expression in GM2/ GD2 synthase-silenced activated naïve Th cells at 24 h p.a. was similar at 72 h p.a., indicating that the silencing system was stable (data not shown). The quantity of the GM2/GD2 synthase measured by flow cytometry at 24 h p.a. in GM2/GD2 synthase-silenced activated naïve Th cells was reduced to 41.8% with respect to mock shRNA-activated naïve Th cells (Supplementary data, Figure S6D) .
To determine the effect of silencing of the GM2/GD2 synthase in activated naïve Th cells, we evaluated the expression of the early activation marker CD69 as well as the TCR clustering in mock shRNA and GM2/GD2 synthase-silenced activated naïve Th cells. A 35% reduction in the expression of CD69 ( Figure 6A ) and an inefficient TCR clustering were observed in GM2/GD2 synthase-silenced activated naïve Th cells compared with polybrene and mock shRNA-activated naïve Th cells ( Figure 6B ). In addition, the restriction of β4GALNT1 (GM2/GD2 synthase) up-regulation during activation of naïve Th cells caused a significant reduction in their proliferation with respect to mock shRNA-activated naïve Th cells, as assessed by MTT assay ( Figure 6C) . Also, the deficiency in proliferation observed in GM2/ GD2 synthase-silenced activated naïve Th cells was associated with a significantly reduced expression of IL-2 (interleukine-2) and IL-2R (interleukine-2 receptor) as determined by real-time PCR ( Figure 6D ). The IL-2 and IL-2R expression and the proliferative response of activated naïve Th cells are associated with efficient TCR microclustering and signaling through Zap-70 phosphorylation by Lck kinase (Sloan-Lancaster et al. 1998) . To determine if GM2/GD2 synthase-silenced activated naïve Th cells had an inefficient TCR signaling as a consequence of their affected TCR clustering, we measured Zap-70 phosphorylation by flow cytometry. A significant reduction in the phosphorylation of Zap-70 was observed in GM2/GD2 synthasesilenced activated naïve Th cells at 6 h (24.5%) and 12 h (33.6%) compared with mock shRNA-activated naïve Th cells ( Figure 6E ).
Discussion
The Th cells modulate their sialophenotype at different stages of maturation, development, activation and differentiation (Bi and Baum 2009 ). In the present study, we show that activation of human naïve Th cells is accompanied by an increased incorporation of Sia containing glycoconjugates in the cell surface, as assessed by metabolic labeling with ManNAz. However, because a reduced expression of Siaα2,3 and Siaα2,6 epitopes was observed in human-activated naïve Th cells through lectin binding assays, we investigated the expression of ST8 coding genes after activation as a possible explanation of the increased metabolic flow of Sia to the cell surface. The analysis of ST8 sialyltransferases gene expression by real-time PCR during activation of human naïve Th cells revealed basal expression in resting cells of ST8SIA2 and ST8SIA4 and their up-regulation during activation, these genes are involved in glycoprotein α2,8 sialylation (Comelli et al. 2006) . The most studied immune system-related polysialylated (Siaα2,8) n protein is the neural cell adhesion molecule, which has a restricted expression to neural tissues and natural killer (NK) cells (Campbell et al. 2007 ). However, Siaα2,8 glycoproteins have not been previously reported in Th cells, although the null mice for ST8SIA4 show a decrease in the number of total thymocytes as bone marrow progenitors have affected migration capacity because of the lack of polysialic acid (Drake et al. 2009 ). It is necessary to characterize in further studies the polysialylated glycoproteins potentially expressed during activation of human naïve Th cells and establish their function. Furthermore, we observed that anti-CD3/anti-CD28 mAbs-driven activation of human naïve Th cells also caused an up-regulation of both ST8SIA1 that codes for the GD3 synthase and of β4GALNT1 that codes for the GM2/GD2 synthase, and that are jointly responsible for "b" series ganglioside synthesis (Figures 2 and 4) . In this context, flow cytometry analysis of "b" series gangliosides evidenced that activation of human naïve Th cells up-regulates surface GD3 expression and neoexpression of GD2, previously unreported in these cells (Figures 3 and 4) .
Previous studies have reported GD2 expression in infiltrates of Th cells in the periphery of human melanoma metastatic sites and in Th cells infected with human HTLV-1 virus and in T cell lines (ATL) (Hersey and Jamal 1989; Furukawa et al. 1993) . Also in agreement with our study, Yamashiro et al. reported that following stimulation with Concavalin-A or anti-CD3 + IL-1, peripheral activated T cells showed an increase in GD3 expression, the precursor of GD2 and ST8SIA1 up-regulation, nonetheless they did not detect GD2 in activated peripheral T cells. We consider that this can be explained because the analysis of activated peripheral T cells in Yamashiro et al. study was performed at 6 days p.a. and using different stimuli (anti-CD3 + IL-1, PHA, ConA, IL-2, etc.). Previous studies demonstrate that the response of naïve Th cells to activation stimuli may differ when using stimulus different from anti-CD3/anti-CD28 mAbs (Duarte et al. 2002; Butte et al. 2012; Pang et al. 2012) . We consider that the anti-CD3/anti-CD28 stimulation we have used is the most similar to mimicking antigenpresenting cell stimulation and that it is possible that in other stimulation contexts, GD2 expression could be different.
We consider that a very important finding is that GD2 but not GD3 clusters with the TCR since 3 h p.a. (Figures 3 and 5) . It is known that the association of glycosphingolipids (or gangliosides) with cholesterol promotes the formation of lipid rafts that are important for TCR/CD3 clustering and proper TCR-mediated activation (Alonso and Millan 2001; Giurisato et al. 2003) . To promote lipid raft translocation through the CD28 co-stimulatory molecule, the actin cytoskeleton is reorganized inducing the movement of actin-associated receptors to the immunological synapsis (Alonso and Millan 2001) . The clustering of the TCR is required for proficient proliferation and differentiation of Th cells (Chyu et al. 2014) . Also, lipid rafts are important for the recruitment of the CD4 and signaling molecules Lck, PKCθ and LAT (Zhang et al. 1998; Ebert et al. 2000; Marmor and Julius 2001; . In T cells, the lipid rafts can isolate on membrane microdomains the GM1 ganglioside (lipid raft marker), the phosphatidylinositol 4,5-bisphosphate (PIP 2 ), GPI-linked proteins, Src family kinases and GTP binding proteins (Janes et al. 2000) . Disruption of lipid rafts by depleting cholesterol-using methyl-β-cyclodextrin (MβCD) affects TCR/CD3 clustering and cytokine secretion (Blank et al. 2005; Zhu et al. 2011; Zhong et al. 2013) . Our findings point to a potential and specific role of GD2 in TCR clustering or signaling and as a constitutive element of lipid rafts. In view of this, we consider that the involvement of GD3 in TCR clustering and signaling is not very likely; nonetheless, it would be very interesting to design studies where GD3 ganglioside is specifically reduced to evaluate its role in naïve Th cell activation. Also it will be important to assess the specific localization and role of O-acetylated forms of GD3 that are expressed in T cells (Reivinen et al. 1994; Wipfler et al. 2011) .
In regard to the molecular basis of GD2 neoexpression, we conclude that the basal expression levels of GD3 and GM2/GD2 synthases, along with availability of the GD3 precursor (Figure 3) , observed in resting naïve Th cells are enough to allow GD2 neoexpression since 3 h p.a. The absence of intracellular GD2 but the presence of intracellular GD3 in resting and activated Th cells (data not shown) suggests activation induces neosynthesis of surface GD2. However, a question arises on why resting naïve Th cells do not synthetize GD2 if the GM2/GD2 synthase is expressed, we suggest that during resting conditions, the GM2/GD2 synthase is not active and that only after TCR stimulation, this enzyme is activated and able to synthesize GD2. Previous studies have shown in the NG108-15 rat glioma cell line that GM2/GD2 synthase activation is dependent on its phosphorylation through activation of protein kinase A and protein kinase C (Bieberich et al. 1998; Yu and Bieberich 2001) , kinases known to be activated during TCR stimulation (Sun et al. 2000; Hermann-Kleiter et al. 2006 ). It will be interesting to assess in future studies the underlying mechanism of activation-induced GM2/GD2 synthase activity. Also, the activation induced up-regulation of ST8SIA1 and the β4GALNT1 since 3 h p.a. and thought 72 h p.a. would support GD3 and GD2 expression. The observed up-regulation of the GM2/ GD2 synthase in activated human naïve Th cells had not been previously reported but is in agreement with previous findings in anti-CD3/ anti-CD28 mAbs-stimulated mature thymocytes (Takamiya et al. 1995) and human peripheral T cells where it is involved in promoting an increase in GM1 ganglioside associated with lipid rafts (Tani-ichi et al. 2005) .
Previous works have reported that GM2/GD2 synthase null mice show lack of complex gangliosides and express only GM3, GD3 and GT3 (Takamiya et al. 1996) . These mice show normal appearance and behavior; however, they exhibit neuronal and peripheral nerve degeneration (Takamiya et al. 1996) . The GM2/GD2 synthase null mice show defects in signaling mediated by IL-2 probably because of absence of GM1/GD1b and GA1 gangliosides, but effects on proliferation or TCR clustering were not reported. Whereas Nagafuku et al. (2012) showed that GM2/GD2 synthase null mice do not show a reduction in the proliferation of Th cells when activated with anti-CD3/ anti-CD28 mAbs, in contrast to ST3GAL5 (GM3 synthase) null mice that show a deficient proliferation response and IL-2 secretion that was recovered after supplementation with GM3, GM1a or GD1a gangliosides, suggesting that GM3 was sufficient for murine Th cell activation and that gangliosides further down the biosynthesis pathway, as is the case of those synthesized by GM2/GD2 synthase, are not relevant for those functions (Inokuchi et al. 2013) . Because of the observed increased expression of the GM2/GD2 synthase and GD2 neoexpression clustering with the TCR in human naïve Th cells, we considered important to define the relevance of this enzyme.
In contrast to the findings in mice, we show through GM2/GD2 synthase-silencing experiments in human naïve Th cells, that gangliosides synthesized by the GM2/GD2 synthase facilitate TCR clustering and signaling. The GM2/GD2 synthase-silenced activated Th cells showed a partial loss of TCR clustering and signaling as observed by the reduction in Zap-70 phosphorylation and the consequent reduction of IL-2 and IL-2R expression associated with reduced cell proliferation. We consider that an important candidate involved in this TCR clustering process mediated by the GM2/GD2 synthase is GD2, in view of its early and marked neoexpression and colocalization with the TCR, nonetheless and taking into account that there is no expression of ST8SIA5 (GT3 synthase) or GT1b, we suggest that gangliosides GA2, GA1, GM1b, GM2, GM1a, GD1a or GD1b, also synthesized by the GM2/GD2 synthase, could be involved in TCR clustering and signaling (Supplementary data, Figure S2 ). In view of these data, it is clear that the GM2/GD2 synthase and its ganglioside products do have a very important role in activation of human naïve Th cells in contrast to what has been observed in murine studies.
We consider that the study of sialylation dynamics through ManNAz and lectin labeling associated with sialyltransferase expression studies allowed us to identify important and novel elements involved in activation of naïve Th cells and will remain useful in addressing future studies on the role of gangliosides in different subsets of human Th cells but also in comparative studies with murine models.
Materials and methods
Purification and activation of human naïve Th cells
Peripheral blood was obtained from healthy volunteers with informed consent and with the approval of the Bioethics Committee of the Science Faculty of the Morelos State Autonomous University. Peripheral blood mononuclear cells were obtained by Ficoll density gradient (Ficoll Paque-PREMIUM General Electric) and human naïve Th cells were further purified by negative selection using magnetic beads according to the manufacturer's protocol (Naïve CD4+ T Cell Isolation Kit II, Miltenyi). The naïve Th cell isolation procedure as assessed by flow cytometry yielded >95% of CD4 + CD45RA + cells. The purified naïve Th cells were cultured in Advanced RPMI 1640 (Gibco) supplemented medium with 3% of fetal bovine serum (Gibco), Glutamine 2 mM and Penicillin (1 U/mL) plus Streptomycin (1 µg/mL) (Gibco) at 37°C with 5% CO 2 . The naïve Th cells were then stimulated at different times with plate-bound anti-human CD3 antibody (5 µg/mL; OKT3 eBioscience) and soluble anti-human CD28 antibody (1 µg/mL; CD28.2, eBioscience) or with PMA (100 ng/mL; Sigma) and Ionomicin (400 ng/mL; Sigma). The activation was confirmed by assessing the CD69 marker expression by flow cytometry after 16 h p.a. Cell proliferation was determined at 72 h p.a. by
Thiazolyl Blue Tetrazolium Bromide MTT (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) assay. Transduced resting and activated Th cells were incubated with MTT for 4 h at 37°C. Isopropanol-HCl solution was used to dissolve blue formazan crystals and the absorbance was measured at 570 nm in a 96-well plate reader. 
ManNAz incorporation assay
Flow cytometry
To asses α2,3Sia and α2,6Sia surface expression, resting or activated Th cells were incubated with the appropriate biotinylated lectins M. amurensis II agglutinin (10 µg/mL; Vector Labs), S. nigra (1 µg/mL; Vector Labs) or PNA (5 µg/mL; Vector Labs) in PBS for 1 h on ice, washed and incubated with Alexa Fluor 647 conjugated streptavidin (1 µg/mL; Molecular Probes). For surface analysis expression of GD3, GD2 and CD69, the treated Th cells were incubated with mouse IgG3 anti-human GD3 mAb (5 µg/mL; clone R24, Abcam), mouse IgG2a anti-human GD2 (2.5 µg/mL; 14G2a, Santa Cruz Biotech) or PEconjugated anti-human CD69 (0.15 µg/mL; eBioscience) during 1 h at 4°C and after washing the anti-GD3 and anti-GD2-stained cells were incubated with FITC-conjugated anti-mouse IgG3 (0.3 µg/mL; Abcam) or PE-conjugated anti-mouse IgG2a. For intracellular staining of the transduced resting and activated naïve Th cells, the cells were fixed with 4% paraformaldehyde and incubated 10 min at 37°C. Subsequently, the cells were washed with PBS and incubated with 90% methanol by 30 min for permeabilization. The permeabilized cells were incubated 1 h with the antibodies rabbit IgG anti-human phospho Zap-70 (Tyr319)/Syk(Tyr352) (1:400; Cell Signalling) or rabbit IgG anti-human GM2/GD2 synthase (1 µg/mL; Santa Cruz Biotechnology). After incubation, the cells were washed and incubated with the Alexa Fluor 647-conjugated anti-rabbit IgG (0.25 µg/mL; Molecular Probes). Nonspecific binding was determined using PE-conjugated anti-mouse IgG2a, Alexa Fluor 488-conjugated anti-mouse IgG2a or Alexa Fluor 647-conjugated anti-rabbit IgG secondary antibodies alone. All measurements obtained by flow cytometry were made after acquiring 10,000 events or for the silencing experiments (5000 events for three experiments and 1000 for two experiments) in a FACSCalibur (CellQuest acquisition) or FACSCanto II (FACSDiva acquisition) flow cytometer (Becton Dickinson) and analyzed using FlowJo 7.6.5 software (Tree Star Inc.).
Isolation of RNA, semiquantitative and real-time PCR
Total RNA was isolated from resting or activated Th cells using Trizol Reagent (Life Technologies) and incubated with DNase 1 (Thermo Scientific) according to the manufacture's protocol. For real-time PCR and semiquantitative RT-PCR analysis of gene expression, the M-MLV Reverse Transcriptase (Life Technologies) was used to synthesize cDNA from 500 ng of RNA. Primers used for semiquantitative RT-PCR and for real-time PCR are listed in Supplementary data, Table S1 . Semiquantitative RT-PCR for β4GALNT1 (GM2/GD2 synthase) was performed using Taq Polymerase (Thermo) and the reactions were conducted for 35 cycles using standard conditions and 60°C for the Tm. The reactions were resolved in agarose gels stained with ethidium bromide. Real-time PCR was performed using a Maxima SYBR Green/Rox qPCR Master Mix (2×) (Thermo Scientific) with the StepOnePlus Real-Time PCR equipment (Applied Biosystems). The reaction was conducted for 40 cycles using the following parameters: 95°C for 15 s, 55 or 60°C for 60 s. The determination of Fold Change was performed using the relative quantification method for comparison (comparative method Ct) and was calculated using 2 −ΔΔCt method (Schmittgen and Livak 2008) . The fold change was calculated normalized to eEF1α gene as control (Mane et al. 2008 ).
Retroviral transductions
A total of 20,000 purified human naïve Th cells for each condition were incubated during 12 h in supplemented culture medium alone with polybrene (4 µg/mL, Sigma), a polycation used for enhancement of lentiviral transduction, and the following lentiviral constructs: Control Mock shRNA, CopGFP shRNA or GM2/GD2 synthase-shRNA (Santa Cruz Biotechnology). ShRNAs and lentiviral vectors were custom designed by the manufacturer. A multiplicity of infection of 2.5 was used for transduction of Th cells. After the 12 h of incubation with lentiviral particles, the naïve Th cells were washed and arrested for 24 h in supplemented medium. The nontransduced and transduced cells were incubated in the absence or presence of anti-CD3/ anti-CD28 mAbs at different times; 6 and 12 h for phospho Zap-70 analysis, 24 h for the TCR localization microscopic analysis, CD69 and GM2/GD2 synthase expression and 72 h used for the MTT proliferation assay and real-time PCR for IL-2, IL-2R and β4GALNT1 (GM2/GD2 synthase).
Statistical analysis
All results were subject to the Kolmogorov-Smirnov normality test. Based on the classification of the samples, the statistical significance was calculated with the tests that conformed to each case with Prism software (GraphPad). The tests used were paired t-test, Wilcoxon's test and Friedman's test. P-values of <0.05 were considered statistically significant.
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